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SLOPE STABILITY  
AND SETTLEMENT ANALYSIS 

 
 
1.  General.  In order to properly assess the feasibility of the projects at James Island and Barren 
Island and create an accurate cost estimate, the foundation conditions at the sites must be 
assessed.  Soft, weak, compressible foundation conditions can cause construction problems, 
quantity overruns, cost increases, and schedule slippage if not identified properly during the 
design phase.  The design analysis performed during this feasibility phase is intended to identify 
major potential foundation problems.  The amount of borings performed for this feasibility phase 
is enough to generally characterize the site, but not enough to develop a detailed final foundation 
plan.  Additional subsurface explorations will be required during the next design phase to more 
thoroughly characterize the foundation reaches along the dike alignment.   
 
For this feasibility study, a slope stability analysis and a settlement analysis were performed 
based on the drilling and testing information obtained from the feasibility phase borings.  This 
information was used to identify reaches where soft silts and clays appeared to be present.  The 
slope stability and settlement analyses were performed using testing information obtained from 
undisturbed Shelby tube samples.  Testing performed included consolidation tests, unconfined 
compression tests, and triaxial shear tests.  See Attachment E – Subsurface Investigations and 
Laboratory Testing for a more thorough description of the testing performed and the testing 
results.   
 
2.  Slope Stability Analysis.  The slope stability analysis was performed using the computer 
program UTEXAS4, which was developed for the US Army Corps of Engineers by Dr. Stephen 
Wright.  A circular failure arc analysis was used, with selected analytical method being 
Spencer’s Method.  The “end of construction” condition (undrained shearing) was selected for 
analysis.  Based on engineering judgment and experience from the Poplar Island Phase 2 
analysis, the undrained condition is the most critical when constructing on soft clays and silts. 
 
The saturated portion of the fine silty sand used for dike construction is susceptible to 
liquefaction when subjected to seismic loading.  However, the Chesapeake Bay is an area of 
historically low seismicity.  The magnitude and duration of seismic loading within the region is 
not expected to be sufficient to cause liquefaction.  Based on ER 1110-2-1806, Earthquake 
Design and Evaluation for Civil Works Projects, this project is located in a region where no 
seismic evaluation is required for embankments.   
 
2.1.  Conditions Analyzed.  Several different conditions were analyzed for slope stability.  
Reaches having very soft deposits of silts and clays were analyzed.  Additionally, the required 
offset from the dike toe for dredging operations was also analyzed.  Both exterior (bayside) and 
interior potential failures were analyzed. 
 
2.2.  Foundation Material Strength.  The results of the consolidated-undrained triaxial shear 
tests were used in evaluating the shear strengths of the soft silts and clays in the foundation.  The 
total stress strength envelope for the sample tested from DH-203a was c=112 psf and φ=15.5°.  
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The total stress strength envelope for the sample tested from DH-204a was c=0 psf and φ=15.8°.  
Total stress analyses are performed in fine-grained materials where pore pressures generated 
during the shearing process are unknown.  This is the case for the proposed dike construction 
over soft silts and clays, and thus the analyses use undrained strengths for the foundation silts 
and clays.  The undrained shear strengths used in the analysis were conservatively based upon 
the total stress present at the top of the clay/silt layer when construction would commence.  
Using the strength envelopes, a shear strength value can be determined at any normal stress 
point.  This shear strength value was then used as the cohesion value in the analysis for that clay 
layer.  The φ-value was then set to zero to simulate the undrained loading condition.  The shear 
strength values were interpolated for different boring locations that did not have triaxial tests 
performed.  The typical range of shear strengths of the foundation materials ranged from 
approximately 400 psf to 800 psf, depending on the stress conditions at each location. 
 
Shear strengths for the foundation sands used in the stability analysis were determined by using 
correlations for the Standard Penetration Test, based on soil type.  The chart found in NAVFAC 
Manual 7.1, page 149, was used to determine the effective shear strength parameters. Since pore 
pressures are assumed to dissipate rapidly in the sands, effective shear strength parameters were 
the only parameters necessary for use in the sands.       
 
2.3  Strength of Dike Materials.  The shear strengths for the dike materials were estimated 
based on previous analyses performed for Poplar Island.  Since the a very similar dike section 
and construction method is expected for the James Island Project, it was considered adequate to 
use the Poplar Island shear strengths.  The armor stone was assumed to have a φ’=40° and c=0.  
The dike sand placed below the water level was assumed to have a φ’=28° and c=0.  The dike 
sand placed above the water level was assumed to have a  φ’=30° and c=0. 
 
2.4  Results of Stability Analysis.  The minimum factors of safety required for adequate slope 
stability are 1.3 for both the interior and exterior slopes.  This criteria is based on EM 1110-2-
5027, Engineering and Design-Confined Disposal of Dredged Material.  The analysis included 
dike sections to +25 ft MLLW, +10 ft MLLW, and +25 ft MLLW with removal of material for 
borrowing operations on the inside toe.   
 
The results of the analysis are attached.  Due to the very low factors of safety in some sections, 
the northeast portion of the dike alignment was shifted to avoid some of the poorest foundation 
conditions.  Specifically, the dike alignment was originally placed through borings JB-202, 203, 
and 204.  The alignment was modified to pass nearer to borings showing more favorable 
foundation conditions, such as JB-102, and JB-201.  A reach of the dike is still located near a 
poor deposit identified in JB-101.  To account for potential problems in this area, an estimate of 
50,000 cy of foundation removal and replacement has been estimated for this section.  If, in the 
next design phase, it becomes clear that it is impossible to avoid poor foundation conditions in 
this area, removal and replacement will likely be the option considered to deal with the 
conditions. 
 
Additionally, the offset for borrowing adjacent to the dike is currently set at 100 feet.  This is 
based on the results of the portion of the stability analysis that dealt with this issue.  Reaches 
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having sand foundations without soft clay were not analyzed.  This is based on engineering 
judgment that there will be minimal stability problems in such reaches.  The dike construction at 
Poplar Island did not encounter any loose sand deposits that affected dike construction.   
 
3.  Settlement Analysis.  The settlement analysis performed assessed the potential impacts to the 
dike sections from long-term consolidation settlement.  Quick, elastic settlement of loose sand 
zones was not accounted for in this analysis.  This is due to the fact that the magnitudes of such 
settlement are much smaller than the consolidation settlement caused by soft clays and silts.  
Also, any elastic settlement in sands occurs during construction and will therefore not require 
any overbuild.  No time rate of consolidation calculations were performed.  If the project is 
eventually phased vertically, a time rate of consolidation analysis may be warranted.   
 
The results of the consolidation tests performed on the appropriate Shelby tube samples were 
used in the analysis.  The Casagrande method for graphical determination of the preconsolidation 
pressure was used.  The laboratory e-log p curves were corrected for disturbance using the 
method developed by Schmertmann.  The loadings used in the analysis were based on idealized 
trapezoidal sections which approximated the proposed dikes.  The stress distribution charts from 
NAVFAC Manual 7.1, pg. 170 were used to find the increased stress at the midpoint of each 
sublayer used in the analysis.   
 
3.1  Sections Analyzed.  Dike sections at borings JB-203, 204, 212, 215, 217, 218, and 229 were 
analyzed.  At the time of the analysis, the final perimeter dike heights for the wetlands were not 
known.  Therefore, dike heights ranging from +10 ft MLLW to +12 ft MLLW were investigated 
for the wetlands.  The upland dike section was analyzed at a top elevation of +25 ft MLLW.   
 
3.2  Results.  The attached calculations show the results for the various sections.  Based on these 
results, for quantity estimates, the perimeter dike from station 320+00 to 355+00 and from 
385+00 to 15+00 will be estimated to be overbuilt by 6 inches to account for the predicted long-
term settlement.  The settlement analysis for the northeast upland dike reach shows very 
substantial long-term settlement due to consolidation.  However, based on the results of the slope 
stability analysis, the dike was realigned in the northeast portion to avoid the worst areas.  
Remaining poor foundation areas will be removed and replaced, thus limiting long-term 
consolidation settlement in those areas and not requiring an overbuilt section.   
 
REFERENCES 
 
Das, Braja M., Principles of Geotechnical Engineering, 3rd Edition, PWS Publishing, 1994. 
 
Duncan, J.M, and Buchignani, A.L., An Engineering Manual for Settlement Studies, University 
of California-Berkeley, 1976. 
 
Naval Facilities Engineering Command, Design Manual 7, Department of the Navy, 1971. 
 
US Army Corps of Engineers, Engineering and Design - Confined Disposal of Dredged 
Material, EM 1110-2-5027, Department of the Army, 1987. 



Mid-bay Island Feasibility Study FINAL May 2008 
Engineering Appendix    
 
 

4 

 
US Army Corps of Engineers, Engineering and Design - Earthquake Design and Evaluation for 
Civil Works Projects, ER 1110-2-1806, Department of the Army, 1995. 
 
US Army Corps of Engineers, Slope Stability, EM 1110-2-1902, Department of the Army, 2003. 
 
US Army Corps of Engineers, Settlement Analysis, EM 1110-1-1904, Department of the Army, 
1990. 
 
















































































































































































































































































































































